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Abstract
Objectives:  To  demonstrate  the  reliability  of  the  EOS  imaging  system  in  measuring  the  internal
diameters  of  the  bony  pelvis.
Materials  and  methods:  A  prospective  study  comparing  the  results  of  the  pelvimetry  of  18  dry
pelvises carried  out  on  the  EOS  imaging  system  to  measurements  taken  manually  and  using
the two  current  gold  standard  CT  methods.  Pelvimetric  measurements  of  each  pelvic  bone
were obtained  using  four  methods  and  compared:  direct  manual  measurements,  spiral  and
sequential CT  pelvimetry,  and  2D-3D  low-dose  biplanar  X-rays.  The  various  obstetric  diameters
were measured  to  the  millimetre  and  compared.
Results:  There  was  no  signiﬁcant  difference  in  the  different  diameters  assessed,  with  the  excep-
tion of  the  interspinous  diameter.  There  was  a  highly  signiﬁcant  correlation  (P  <  0.001)  between
the values  measured  manually  and  by  EOS  for  the  Magnin  index  (Pearson  =  0.98),  the  obstetric
conjugate  diameter  (Pearson  =  0.99),  and  the  median  transverse  diameter  (Pearson  =  0.87).
Conclusion:  The  EOS  imaging  system  allows  for  an  ex  vivo  determination  of  the  obstetri-
cal diameters  that  is  reliable  enough  to  estimate  obstetric  prognosis,  producing  comparable
measurements  to  CT.  In  view  of  concerns  about  protection  from  radiation,  this  low-dose  imag-
ing technique  could  become,  after  in  vivo  prospective  validation,  the  new  gold  standard  for
pelvimetry and  therefore  a  good  alternative  to  CT.
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http://dx.doi.org/10.1016/j.diii.2014.01.021iologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved. vaginal  delivery  entails  the  foetus  passing  through  the
irth  canal,  which  consists  of  the  bony  pelvis  and  associ-
ted  soft  tissues.  The  pelvic  part  of  the  canal  is  bordered
y  a  bony  frame,  which  means  that  foetal  progression  must
. Published by Elsevier Masson SAS. All rights reserved.
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ollow  a  speciﬁc  trajectory  although  there  is  some  degree  of
exibility  between  the  different  parts  of  the  pelvis  during
arturition.  Mechanical  dystocia  due  to  a  small  pelvis  poses
 signiﬁcant  risk  during  delivery  but  it  can  be  prevented
hrough  an  estimation  of  the  diameters  of  the  pelvic  inlet,
idpelvis  and  pelvic  outlet,  all  of  which  need  to  be  passed
hrough.  The  shortcomings  of  clinical  pelvimetry,  especially
n  the  assessment  of  the  pelvic  inlet,  have  given  way  to  the
se  of  imaging  techniques.  In  fact,  the  use  of  imaging  to
revent  and  control  the  risks  during  delivery  has  profoundly
hanged  obstetric  prognoses  [1].  As  part  of  this,  traditional
adiographic  pelvimetry,  which  allows  the  overall  shape  of
he  pelvis  to  be  assessed  but  is  rather  uncomfortable  and
ses  indirect  measurements,  has  been  replaced  by  sequen-
ial  followed  by  spiral  CT  pelvimetry,  which  provides  an
ccurate  estimate  of  the  dimensions  of  the  pelvic  inlet,  mid-
elvis,  and  pelvic  outlet  while  reducing  radiation  exposure
or  mother  and  foetus  [2].  This  modality  has  become  the  gold
tandard  and  it  is  simple,  reliable,  and  fast,  although  radi-
tion  remains  a  detrimental  factor  and  3D  reconstructions
re  sometimes  imprecise  due  to  the  constants  of  current
nd  kilovoltage  being  reduced  as  far  as  possible.  While  MRI
ffers  the  advantage  of  being  free  from  radiation  and  pro-
ucing  accurate  measurements  [3,4],  it  remains  difﬁcult  to
ccess.
In  parallel,  a  few  years  ago  a  new  medical  imaging  system
alled  EOS  appeared,  which  simultaneously  acquires  lat-
ral  and  anteroposterior  radiographic  images  and  lowers  the
ose  of  X-rays  absorbed  by  the  patient.  This  system  makes
se  of  a  high-sensitivity  gaseous  Charpak  detector  and  its
se  is  currently  indicated  for  the  assessment  of  deformities
f  the  spine  [5—8],  and  the  upper  [9]  and  lower  limbs  [10,11]
specially  in  children  [12].  Images  are  obtained  in  a  1:1  scale
nd  it  is  accurate  enough  for  preoperative  planning,  moni-
oring  disease,  or  taking  direct  measurements,  making  this
n  attractive  tool.  Radiographs  of  a  part  or  the  full  body  can
e  taken  while  the  patient  is  standing,  in  a  single  acquisi-
ion,  without  needing  to  stitch  images  together,  and  with
o  vertical  distortion  through  simply  choosing  a  reference
lane  to  eliminate  lengthening.  The  gaseous  detectors  with
ariable  gain  enable  high  contrast  images  to  be  acquired  at
n  X-ray  dose  reduced  by  a  factor  of  8—10  compared  to  a
raditional  radiography  system,  thus  signiﬁcantly  reducing
he  patient’s  radiation  exposure  [8,13].
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igure 1. Principle of taking measurements using cross-sectional CT:
urement of ISD using a cross-section passing through the ischial spines; 
iddle of the OCD.M.-H.  Sigmann  et  al.
The  main  objective  of  this  study  is  to  demonstrate  ex
ivo  that  the  EOS  imaging  system  is  reliable  for  the  measure-
ent  of  the  internal  diameters  of  the  bony  pelvis  through  a
omparison  with  the  current  gold  standard  computed  tomo-
raphy  techniques  and  with  direct  manual  measurements
n  the  bony  pelvis.  The  secondary  objective  is  to  compare
rradiation  for  the  various  modalities  tested.
aterials and methods
his  prospective  comparative  study  consisted  of  a  compar-
son  of  the  pelvimetric  measurements  of  18  bony  pelvises
btained  using  the  EOS  system  with  measurements  taken
anually,  and  with  those  from  the  two  computed  tomogra-
hy  techniques  that  are  currently  gold  standard.  A  single
perator  examined  each  pelvis  independently  and  in  a
linded  manner,  taking  the  manual  measurements  by  using
 thread  that  was  then  held  against  a  millimetre  gradu-
ted  ruler,  by  standard  and  spiral  CT,  and  then  through
imultaneous  lateral  and  anteroposterior  radiographic  views
sing  EOS  imaging.  The  diameters  measured  were  those  that
re  usually  used  by  obstetricians  and  are  assessed  by  CT
elvimetry:  the  obstetric  conjugate  diameter  (OCD),  the
rue  conjugate  diameter  (TCD),  the  median  transverse  and
ransverse  diameters  (MTD  and  TD),  the  intertuberous  diam-
ter  (ITD),  the  interspinous  diameter  (ISD),  and  the  antero-
osterior  diameter  (APD)  of  the  pelvic  outlet.  The  Magnin
ndex  was  also  calculated  by  adding  the  OCD  to  the  MTD.
For  the  CT  examination,  the  bony  pelvises  were  placed
n  a  stand  to  keep  them  in  a  physiological  position.  On
tandard  CT  pelvimetry  (Fig.  1),  a  lateral  cross-section  was
sed  to  measure  the  obstetric  conjugate  diameter,  the  true
onjugate  diameter,  and  the  anteroposterior  diameter  of
he  outlet,  and  then  two  cross-sectional  planes  were  com-
ined:  one  passed  through  the  ischial  spines  to  measure  the
ntertuberous  diameter,  and  a second  perpendicular  plane
hrough  the  middle  of  the  obstetric  conjugate  diameter
as  obtained  by  tilting  the  stand,  and  this  was  used  to
easure  the  median  transverse  diameter  of  the  inlet.  The
ross-sections  were  5  mm  thick  and  the  constants  were
eld  at  120  kV  and  50  mA  (Siemens  Somatom  Sensation  CT
4-channel  scanner,  Erlangen,  Germany).  Next,  a  spiral
T  of  each  pelvis  was  carried  out  a  using  the  following
 a: orientation of the cross-sections on the lateral view; b: mea-
c: measurement of MTD using a cross-section perpendicular to the
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Figure 2. Measurement using spiral CT: multiplanar reconstruc-
tion of the main planes needed to obtain the diameters: here is the
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tpelvic inlet with the measurements of the OCD, maximum TD, and
MTD (perpendicular to the middle of the OCD).
acquisition  parameters:  80  kV,  25  mA,  pitch  0.95,  cross-
sections  5  mm/2.5  mm  thick  (Siemens  Somatom  Sensation
CT  64-channel  scanner,  Erlangen,  Germany).  The  diameters
were  obtained  from  multiplanar  reconstructions  (Fig.  2).  All
the  measurements  were  taken  with  blinding  using  the  PACS
post-processing  console  (Carestream  Health,  Rochester,
United  States)  and  were  performed  by  the  same  operator.
Finally,  each  pelvis  was  assessed  using  the  EOS  system
(EOS  Imaging  SA,  Paris,  France),  with  the  pelvis  resting  on
a  radiotransparent  polystyrene  cradle  in  order  to  mimic  the
vertical  physiological  position,  then  positioned  and  centred
by  laser  in  the  centre  of  the  booth.  Simultaneous  orthogonal
acquisitions  were  taken  of  the  lateral  and  anteroposterior
views  using  the  following  constants:  100  kV,  200  mA  for  the
AP  view  and  120  kV,  250  mA  for  the  lateral  view.  The  diam-
eters  were  measured  by  the  same  operator,  with  blinding,
directly  on  the  EOS  images  (Fig.  3).  The  median  transverse
diameter  was  deﬁned  as  the  length  of  the  segment  linking
the  points  halfway  between  the  projection  of  cortical  bone
M
w
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Figure 3. Measurements using EOS imaging: a: measurement of the inte
of maximum TD, ISD, and ITD and indirect measurement of MTD (obtain
projection of cortical bone on the internal wall of the midpelvis and the 
APD on the lateral view.835
n  the  internal  wall  of  the  midpelvis  and  the  homolateral
uperior  pubic  ramus  (iliopectineal  line).
The  radiation  doses  were  recorded  in
illigray.centimetres2 (mGy.cm2)  for  the  EOS  examinations,
nd  milligray.centimetres  (mGy.cm)  for  the  CT  examina-
ions,  which  were  then  converted  into  millisieverts  (mSv).
The  statistical  analyses  were  all  carried  out  using  the  ver-
ion  12  of  the  software  Systat  (Systat  Software,  Chicago  IL).
he  measurements  were  compared  using  a  paired  t-test.  The
orrelation  of  measurements  resulting  from  the  different
echniques  was  studied  by  calculating  the  Pearson  corre-
ation  coefﬁcient.  When  there  was  a  signiﬁcant  difference
etween  the  measurements  from  EOS  and  the  manual  val-
es  on  the  paired  t-test,  a  Bland-Altmann  plot  was  used  in
ddition.  The  threshold  of  signiﬁcance  was  ﬁxed  at  P  ≤  0.05.
esults
ean values of pelvimetry results
he  mean  values  of  the  pelvimetry  measurements  obtained
sing  the  various  examination  methods  (manual  metric  mea-
urement,  sequential  CT,  spiral  CT,  and  EOS  system)  are
hown  in  Table  1.
-tests and differences between techniques
here  was  no  signiﬁcant  difference  in  the  diameters  mea-
ured  manually  and  using  EOS  with  the  exception  of  the
nterspinous  diameter.  All  of  the  results  from  the  compar-
tive  tests  are  brought  together  in  Table  2.
orrelation coefﬁcients
here  was  a  very  signiﬁcant  correlation  (P  <  0.001)  for  all  of
he  diameters.
The  correlation  coefﬁcients  between  EOS  and  the  manual
echnique  were:  OCD:  0.99;  TCD:  0.98;  MTD:  0.87;  TD:  0.91;
agnin:  0.98;  ISD:  0.99;  ITD:  0.92;  APD:  0.96.
The  correlation  coefﬁcients  between  EOS  and  spiral  CT
ere:  OCD:  0.99;  TCD:  0.99;  MTD:  0.94;  Magnin:  0.99;  ISD:
.99;  DBI:  0.91;  APD:  0.98.
rnal diameters using an anteroposterior view: direct measurement
ed from the straight line linking the points halfway between the
homolateral iliopectineal line); b: direct measurement of OCD and
836  M.-H.  Sigmann  et  al.
Table  1  Means  of  the  pelvimetric  measurements,  obtained  through  the  various  examination  modalities  (manual,  spiral
CT,  cross-sectional  CT,  and  EOS  imaging).
Manual
(mean  ±  SD)
Spiral
(mean  ±  SD)
Cross-section
(mean  ±  SD)
EOS
(mean  ±  SD)
OCD  10.50  ±  1.26 10.46  ±  1.31 10.58  ±  1.34 10.57  ±  1.33
TCD  10.86  ±  1.23  10.74  ±  1.29  10.84  ±  1.32  10.83  ±  1.30
MTD  12.39  ±  1.09  12.20  ±  1.12  12.35  ±  1.17  12.51  ±  1.0
TD  13.05  ±  0.95  13.1  ±  1.02  Not  measurable  13.03  ±  0.96
APD  11.14  ±  1.49  11.23  ±  1.41  11.24  ±  1.39  11.24  ±  1.43
ITD  9.63  ±  1.49  9.62  ±  1.33  Not  measurable  9.33  ±  1.53
ISD  9.90  ±  1.57  9.80  ±  1.53  9.85  ±  1.50  9.41  ±  1.45
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DMagnin  Index 22.95  ±  2.02  22.68  ±
The  correlation  coefﬁcients  between  EOS  and  cross-
ectional  CT  were:  OCD:  0.99;  TCD:  0.99;  MTD:  0.96;  Magnin:
.99;  ISD:  0.99;  APD:  0.98.
An  analysis  of  concordance  between  the  measurements
f  ISD  taken  manually  and  using  EOS  is  shown  on  the  Bland-
ltmann  plot  (Fig.  4).osimetry
he  dosimetric  values  for  each  radiological  technique  as
ell  as  their  conversion  [14,15]  are  listed  in  Table  3. There
O
r
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Table  2  Results  of  comparative  tests  assessing  the  various  im
of  the  diameter  in  centimetres  for  a  given  imaging  technique,  m
conﬁdence  interval,  P-value).
Comparison
Technique  1/Technique  2
Technique  1
(mean)
Techniq
(mean)
OCD  EOS/manual  10.57  10.51  
OCD  EOS/spiral  10.57  10.46  
OCD  EOS/cross-sections  10.57  10.58  
MTD  EOS/manual  12.51  12.39  
MTD  EOS/spiral  12.51  12.2  
MTD  EOS/cross-sections  12.51  12.35  
Magnin  EOS/manual  23.07  22.95  
Magnin  EOS/spiral  23.07  22.68  
Magnin
EOS/cross-sections
23.07  22.92  
APD  EOS/manual  11.24  11.14  
APD  EOS/spiral  11.24  11.23  
APD  EOS/cross-sections  11.24  11.24  
TCD  EOS/manual  10.83  10.86  
TCD  EOS/spiral  10.83  10.74  
TCD  EOS/cross-sections  10.83  10.84  
ISD  EOS/manual  9.41  9.9  
ISD  EOS/spiral  9.41  9.8  
ISD  EOS/cross-sections  9.41  9.85  
TD  EOS/manual  13.03  13.05  
TD  EOS/spiral  13.03  13.1  
ITD  EOS/manual  9.33  9.63  
ITD  EOS/spiral  9.33  9.62  0  22.92  ±  2.22  23.07  ±  2.06
s  a  very  signiﬁcant  difference  between  the  effective  dose
rom  EOS  and  both  spiral  CT  (P  <  0.001)  and  sequential  CT
P  <  0.001),  while  there  is  no  signiﬁcant  difference  between
piral  CT  and  sequential  CT  (P  =  0.08).
iscussionriginally,  radiographic  pelvimetry  was  used  to  assess  the
isk  to  the  foetus  during  the  passage  through  the  successive
ections  of  the  pelvis.  The  standard  indications  that  would
aging  modalities  for  all  of  the  diameters  measured  (mean
ean  of  the  differences  between  the  techniques  compared,
ue  2 Mean  of  the  differences
(technique  1—technique  2)
t-test
(P)
0.06  0.238
0.11  0.006
−0.011  0.782
0.12  0.369
0.31  0.003
0.16  0.075
0.12  0.203
0.39  <0.001
0.16  0.087
0.11  0.316
0.011  0.867
0  1
−0.033  0.567
0.083  0.065
−0.011  0.777
−0.49  <0.001
−0.39  <0.001
−0.45  <0.001
−0.017  0.863
−0.067  0.363
−0.3  0.055
−0.29  0.633
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tFigure 4. Analysis of concordance between the manual measurem
The mean of the differences between the two modalities (d) is 4.9 
lead  to  a  pelvimetric  examination  being  carried  out  in  the
8th  month,  although  variable  from  team  to  team,  consisted
mainly  of  breech  presentation  or  a  twin  pregnancy  with
the  second  foetus  in  the  breech  position,  any  cephalopelvic
disproportion  (asymmetric  or  small  pelvis,  macrosomia),  a
history  of  dystocia,  and  uterine  adhesions.
The  conventional  irradiating  and  restrictive  imaging  used
at  that  time  was  unusual  in  that  it  allowed  for  the  birth
canal  to  be  imaged  in  its  entirety  using  a  general  view  of
the  obstetric  pelvis.  Today,  evaluation  of  the  risk  of  mechan-
ical  dystocia  uses  CT  imaging  (either  cross-sectional  or  spiral
CT)  that  is  more  accurate  and  emits  less  radiation  than
previously.  The  problem  that  arises  with  the  use  of  com-
puted  tomography  (aside  from  irradiation,  which  remains
a  factor)  rests  in  the  conﬁdence  that  the  obstetrician  or
midwife  will  have  in  the  measurements  taken  by  the  radiol-
ogist,  since  they  are  missing  out  on  the  opportunity  to  assess
certain  morphological  radiological  characteristics  that  are
visible  on  standard  radiography  of  the  pelvis  and  they  do
not  always  have  access  to  the  reconstructed  images  on  the
PACS  system.  It  seemed  to  be  worth  asking  whether  an
alternative  technique  that  was  accurate  and  easy  to  use
could  once  again  be  inclusive  in  its  utility  to  obstetricians
while  at  the  same  time  reducing  the  dose  of  harmful  radi-
ation  for  the  mother  and  foetus.  Our  study  results  show
ﬁrst  and  foremost  a  very  signiﬁcant  correlation  (P  <  0.001)
between  the  values  obtained  manually  and  through  EOS  for
the  Magnin  index  (Pearson  =  0.98),  the  OCD  (Pearson  =  0.99),
i
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Table  3  Dosimetry  values  of  the  pelvimetry  examinations  car
EOS  
mGy.cm2 mSv  
Mean  392.9  0.083  
Standard  deviation  171.9  0.036   and the EOS measurements of the ISD using a Bland-Altmann plot.
The standard deviation of the differences (SDD) is 0.28.
nd  the  MTD  (Pearson  =  0.87).  These  diameters  represent
he  borders  of  the  pelvic  inlet  and  therefore  the  plane  of
ngagement,  so  they  are  particularly  important  for  assessing
bstetric  prognosis.  This  is  because  the  pelvic  inlet  is  a
losed  ring  of  bone  and  it  constitutes  the  narrowest  section
hat  the  foetus  must  pass  through.  This  means  it  is  a  strate-
ic  location,  passage  through  which  will  determine  whether
r  not  a  vaginal  delivery  should  be  pursued.  Furthermore,
wo  other  limitations  to  foetal  descent  may  be  posed  by  the
nterspinous  diameter  in  the  midpelvis  and  the  anteroposte-
ior  diameter  of  the  outlet,  especially  in  cases  of  ankylosis  of
he  sacrococcygeal  symphysis  or  a  hooked  coccyx.  For  these
atter  diameters,  there  is  a  very  strong  correlation  between
hose  obtained  from  EOS,  CT,  and  manually.  However,  there
s  a  signiﬁcant  difference  between  the  measurements  taken
anually  and  those  from  EOS  for  the  interspinous  diameter,
hich  can  be  explained  by  systematic  bias:  the  underesti-
ation  of  ISD  by  4.9  mm  (mean  difference)  on  EOS  is  thought
o  be  due  to  not  taking  into  account  the  obturator  ring  and
n  particular  the  superior  pubic  rami  in  the  initial  position
sed.  This  bias  could  be  corrected  by  slightly  tilting  the
elvis  forward,  thereby  releasing  the  ischial  spines.
In  addition,  the  images  obtained  using  this  new  technol-
gy  offer  an  attractive  spatial  resolution  while  at  the  same
ime  the  level  of  radiation  required  to  perform  the  imaging
s  noticeably  reduced  in  comparison  to  conventional  radio-
raphy  and  also  to  the  two  CT  pelvimetry  techniques.  This
igniﬁcantly  less  irradiating  technique  required  a  dose  nearly
ried  out  using  the  different  modalities.
Cross-sectional  CT  Spiral  CT
mGy.cm  mSv  mGy.cm  mSv
11.08  0.21  12.73  0.24
0.038  0.001  4.451  0.085
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hree  times  lower  than  the  gold  standard  technique  that  is
urrently  used.  Furthermore,  a  trial  that  consisted  of  reduc-
ng  the  current  and  kilovoltage  constants  as  far  as  possible
50  kV  and  40  mA  for  the  lateral  and  anteroposterior  views)
llowed  us  to  obtain  EOS  images  of  a  bony  pelvis  using  a
ose  that  was  forty  times  lower  than  the  least  irradiating  CT
echnique.  This  last  result  nonetheless  needs  to  be  tested
n  vivo, through  the  soft  tissue.
The  main  limitation  of  our  study  is  a  data  collection  bias
a  single  observer),  meaning  that  a  lack  of  analysis  of  inter-
bserver  and  intra-observer  reproducibility  (repeatability)
ust  be  addressed  in  further  studies.  The  measurement  of
TD  in  EOS  imaging  could  lead  to  bias  since  it  is  subject  to
naccuracies  in  the  absence  of  a  clear  bone  landmark.
A  complementary  in  vivo  study  to  deepen  and  develop
he  results  obtained  would  support  these  preliminary  data
nd  prove  that  the  EOS  system  is  reliable  in  the  ‘‘live’’  pelvis
hrough  a  comparison  of  measurements  taken  on  EOS  and  on
 conventional  CT  acquisition.
onclusion
he  EOS  imaging  system  allows  the  obstetric  diameters
equired  to  evaluate  obstetric  prognosis  to  be  reliably  deter-
ined  on  a  bony  pelvis.  In  view  of  current  concerns  regarding
rotection  from  radiation,  this  low-dose  imaging  technique
ould  become,  after  prospective  in  vivo  validation,  the  new
old  standard  for  pelvimetry  and  therefore  a  good  alterna-
ive  to  CT.
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